among strains of scrub typhus in the complement fixation test (Bengtson, 1945) . It was attempted to classify the strains isolated from different sources in Japan into some types by the complement fixation test, and we succeeded in classifying those strains into three types as will be indicated in this paper.
MATERIALS AND METHODS
The procedure of preparation of complement fixing antigen which was employed in this experiment relied principally upon differential centrifugation that was used by several workers in studies on rickettsial metabolism (Bovarnick et al., 1950 , Wisseman et al., 1951 , Yamamoto et al., 1958 , Kohno, 1959 ). An outline of the procedure is illustrated in Fig. 1 . As is shown in the figure, the yolk sac infected with rickettsiae was treated with ion-exchange resin XE-64 and bovine serum albumin in a differential centrifugation.
UV irradiation was conducted for inactivation of thus purified rickettsiae.
Therefore, it can be safely said that the antigen thus prepared was composed of partially purified inactive rickettsial particles in contrast to a soluble antigen which is generally used for CF antigen of Rickettsia orientalis (Bengtson, 1945 , Topping et al., 1946 , Wolf e et al., 1946 .
Antiserum of each strain tested was obtained by infecting five or more guinea pigs intracerebrally with 0.1 cc of a 10 % suspension of spleen-liver homogenate of mice infected with each strain of Rickettsia orientalis.
After 4 weeks, in the convalescent stage, the serums were collected from the animals thus immunized, and the pooled serum was used for test (Jackson et al., 1957) .
In the complement fixation test, an attempt was made to determine whether or not the disposo-tray (Ace Scientific Co., Linden, N. J., U. S. A.) method for CFT, which has been The heterogeneity among strains of Rickettsia orientalis in the complement fixatiore test had been disclosed by Bengtson (Bengtson, 1945) . At first, such a heterogeneity was examined with our particle antigens. Antigens were prepared from three egg-adapted strains, Kato, Karp and Gilliam by the method mentioned above, among which Kate strain is a reference strain of Rickettsia orientalis in this laboratory (Shishido et al., 1958) , and the latter two were found to be heterotypic to each other by Bengtson . These antigens were tested against strain-specific guinea pig anti-serums of the three strains. The results of a checker-board titration among those strains indicated that each strain is composed not only of its own main specific antigen but of a small amount of antigen common to them, as given in Table 3 .
In the next experiment, the CF antibody development was followed up in serums of guinea pigs four or more times with two week intervals after inoculation with Kato, Karp, or Gilliam strain of Rickettsia orientalis.
As shown in Figs. 2, 3, and 4, two groups of animals, A and B, were used in each, and group A animals were inoculated intracerebrally as indicated before without a booster injection, but group B were injected However, in any case, the intraperitoneal booster injection did neither enhance the CF antibody level beyond that caused by a single intracerebral inoculation into guinea pigs nor modify their own antibody pattern.
This means that a single intracerebral infection with each strain of Rickettsia orientalis to guinea pigs seems to be enough to obtain strain-specific antiserum from those animals for serological analysis .
Serological Classification of Strains from Different Sources
The countrywide survey on rickettsia harvoring animals carried out by Dr . Tamiya's study team revealed that rickettsia positive rodents were found not only in the limited areas known to be endemic of scrub typhus but also widely distributed from Hokkaido Island, the northernmost to Tanegashima Island , the southernmost (Fig. 5) . The total number of strains isolated from field rodents reached about 500 (Tamiya , 1962) . The serological classification was at first carried out on these strains of Rickettsia orientalis . Twenty strains were selected at random from among these strains according to the locality of isolation (Fig. 5) , 6 from known endemic areas, 14 from non-endemic areas (Fig. 5) , and strain-specific immune serums were prepared from guinea pigs immunized with there strains according to the above-indicated method (see Materials and Methods) .
The results of complement fixation tests on these antiserums against the prepared antigens of the three types, Kato, Karp, and Gilliam , using checker-board titration, were as follows: 2, AR-62 No. 13) isolated at the foothills of Mt. Fuji, both endemic areas of the new type of scrub typhus, and 9 strains isolated at non-endemic areas throughout Japan except Hokkaido Island belong to the Karp type (Fig. 7 , see Rodent's column), c) one strain isolated in Niigata (KR-1 No. 39) and 4 strains isolated in Hokkaido Island belong to the Gilliam type (Fig. 8 , see Rodent's column).
This result indicates that all strains which were isolated from field rodents so far seem to belong to either Kato, Karp or Gilliam type of Rickettsia orientalis.
As to the rickettsia positive mites, a countrywide survey for isolation of rickettsiae from mites has not been carried out as yet, but isolation of rickettsiae has been only attempted on those mites which were found infesting field rodents captured at known endemic areas with a few exception (Hokkaido).
The infesting mites on the captured rodents were collected, devided into some groups (10-100 mites per group) according to their species, and emultions of the mites were inoculated into mice for rickettsia isolation a, Asanuma et at., 1962b , Asanuma, Okubo, et at., unpublished data, 1963 . Fourteen of about 100 strains The following results were obtained : a) 5 strains isolated from Trombicula akamushi collected in Niigata Prefecture belong to the Kato type (Fig. 6 , see Mite's column), b) 2 strains (AT-103, AT-104) isolated from Trombicula pallida collected in Oshima Island, one strain (Miura-P) isolated from Trombicula pallida collected at Nobi, Kanagawa Prefecture, and one strain (AT-38 No. 10) isolated from Euchoengastia ikaoensis collected at the foothills of Mt. Fuji, all endemic areas of the new type of scrub typhus, belong to the Karp type (Fig. 7, This result also indicated that all strains isolated from mites seem to belong to either Kato, Karp or Gilliam type.
As for strains of human origin, one strain (Furuyama) from patients in Niigata, and one strain (Uemura) from a patient at the foothills of Mt. Fuji were tested for the types they belong to. The results indicated that the former strain from Niigata belonged to the Kato, and the latter from Fuji belonged to the Karp type ( Fig. 6 and 7 , see Human columns).
DISCUSSION AND CONCLUSION
In the serological classification of strains of Rickettsia orientalis by the CFT presented in this paper, it should be pointed out that some strains gave much more cross-reaction compared with prototype strains of Kato, Karp, and Gilliam. However, it may be justified to classify a number of strains into three types according to their main antigen, if the classification were used not for the purpose of antigenic analysis of each strain but for obtaining such a general idea of epidemiological status of scrub typhus in Japan as will be described later. In this sence, it will be also justified to classify antigenicity of strains in the CFT by a one-way method, that is, by analysis of antibody pattern of strain-specific immune serum of each strain against three types of antigen without testing its antigenicity in antigen prepared from each strain. the serological type of the strain and its sources is as follows (Table 4 , Fig. 6, 7 and 8 ). a) Kato type strains were isolated from human cases of the classic type of scrub typhus, Trombicula akamushi, and from field rodents captured in Niigata, an endemic area of this type of the disease. This may reasonably justify our use of Kato strain, which was isolated from a patient in Niigata and adapted to the yolk sac tissue in this laboratory, as a reference strain of Rickettsia orientalis (Shishido et al., 1958) . In other words, the finding that strains of this type were frequently isolated from Trombicula akamushi as well as from field rodents in Niigata will be a good indication that Kato tvne strain will represent a prevalent type of the classic scrub typhus in Japan.
b) Karp type strains were isolated from human cases of the new type of scrub typhus, Trombicula pallida, Eushoengastia ikaoensis, and also from rodents captured throughout Japan including new endemic foci of the disease. This means that the agent causing a new type of the disease seems to be the Karp type . As to the vector of the new type of scrub typhus, Trombicula scutellaris and Trombicula pallida were already reported to be a potential one in Izu Islands (Sasa, 1954) and Chiba Prefecture (Asanuma et al., 1959) and that at Miura, Kanagawa Prefecture and Shimoda , Shizuoka Prefecture (Asanuma et al., 1960) respectively. However, no strain from Trombicula scutellaris was available to test for the type it belongs to in this experiment, therefore a serological confirmation of the vector of Trombicula scutellaris was not accomplished as yet , and the role of Eusengastia ikaoensis on the vector of the scrub typhus at Fuji remained to be determined in a further epidemiological investigation. Moreover, it was neither
clarified as yet what species of trombiculid mite are taking a potential role in the distribution of Karp type rickettsia among the field rodents throughout Japan .
c) Gilliam type strains were isolated from Trombicula pallida in Niigata , Trombicula kawarnurai in Hokkaido, and rodents captured at both the places . There is no case of scrub typhus, either classic or new type, from which a Gilliam type strain was isolated. If a case can be found in Hokkaido in the future, it might be highly probable that it is caused by the Gilliam type agent, and if a case occurs by attack of Trombicula pallida infected with Rickettsia orientalis in Niigata , it will be caused by the Gilliam type. The question of whether Trombicula pallida or any species other than Trombicula akamushi is playing a role as the vector of the classic type of scrub typhus in Japan is under study.
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